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castrod@unican.es Jaime Carpio-García jaime.carpio@unican.es pavement makes these layers work together, which has a great impact in the useful life of the 23 pavement. The influence on these two parameters of different polymeric waste, which have 24 been used to modify a mixture by dry way, has been analyzed.
25
The polymeric waste added to an asphalt concrete by dry way are: polyethylene (PE) from 26 micronized containers, polypropylene (PP) from ground caps, polystyrene (PS) from hangers 27 and rubber from end-of-life tyres (ELT).
28
The skid resistance and the adherence between layers of the reference and the modified 29 asphalt concretes have been evaluated separately, so their performance can be compared.
30
The skid resistance has been calculated with the British Pendulum Tester of the TRRL 31 (Transport Road Research Laboratory) under two conditions: on the mixture just 32 manufactured and on polished specimens. The adherence between layers was analyzed on The most important variable that characterizes this property is texture. This is divided into 48 macrotexture, responsible for drainage and deformation that the wheel suffers when 49 adapting to the pavement, and microtexture, which breaks the sheet of water and conditions 50 the punctual contact between wheel and pavement (5, 6).
51
Macrotexture depends on the mixture properties (voids percentage, grain size analysis, 52 aggregates properties, etc.) while microtexture, on the other hand, depends on the surface 53 rugosity of the coarse fraction, and is especially influenced by the aggregates polishing, which 54 wears and becomes rounded at a microscopic scale (7).
55
Adherence between layers is achieved using a tack coat which keeps the joint between them.
56
Its properties depend on the type of coat employed, the materials used in the bituminous 57 mixtures, the traffic loads, temperature, and in the case of skid, of macrotexture (3, 8-10). A 58 good bond between the pavement layers is required to achieve a good performance.
59
Therefore, the higher the friction between surfaces, the interlocking of the aggregates particle 60 and the adhesion between the asphalt binder of the two layers and the applied tack coat, the 61 better will be the adherence between layers (11).
62
For years, different polymers have been used to improve the bituminous mixtures properties.
63
The rubber began to be used in the sixties to improve skid resistance due to its elasticity and 64 capacity to break the ice on the road (12). Nowadays, rubber and plastic polymer are used 65 basically to modify bitumen (13, 14), but their influence on these two properties, adherence 66 between layers and skid resistance, is not well known. 
P O S T -P R

89
The particle size distribution of the polymeric waste is shown in Figure 1 . 
175
As failure criterion a maximum slip of 10mm was considered, except if any abrupt change in 176 the slope is produced due to a rearrangement of the specimen, considering, in this case, this 177 cycle as that of failure.
178 Figure 5 shows the oscillating movement of the central specimen. From this movement, and 179 considering the amplitude associated to each cycle, and only with the aim to compare the 180 materials, a parameter α was estimated that is related with the energy necessary to make the 181 specimen slip. With this aim, a value of medium strength of 9.5KN (F m ) was considered.
182
Data were not taken for every cycle. The test was divided in intervals capturing medium values 183 that have been considered representative:
Where N R is the number of intervals until the failure is produced, A i is the medium amplitude 185 of each interval and C i is the number of cycles of the interval. 
199
The results adjust to a normal distribution and there is also homogeneity of variances, both 200 before and after wearing. the skid resistance right after they are added to the mixture, while the PS does it after the 207 mixture is polished. Rubber is the only that keeps the asphalt mixture skid resistance even 208 after being worn down. These differences can be due to the behaviour of the rubber (it is a 209 higher friction than plastics) (23), and the fact that it does not coat the aggregates as the 210 plastic polymers do.
211
The polishing carried out on the specimens was compared with the real wear observed in the Table 2 . meaningfully by any of the waste polymers. However, in the case of the AC22 mixture, the 233 addition of rubber from ELT slightly reduces the shear resistance, obtaining a value around 234 80% of that of the reference.
230
Analysis of the skid resistance and adherence between layers of Asphalt Concretes Modified by Dry Way with Polymeric Waste
235
The results were also analysed comparing the data in relation to the maximum aggregate size 236 (AC16 vs. AC22). The results showed that the static adherence is significantly greater in the 237 case of the AC22 mixes, confirming that the texture has influence on the adherence among 238 the layers for all the mixtures. Table 3 summarises the significances.
239 Table 3 Table 4 below:
248 and the PP). However, a higher shear resistance was observed when no emulsion was used.
252 Therefore, it may be concluded that to improve the adhere between asphalt layers, the
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T compaction of the second layer over the first layer ensuring a clean surface without emulsion 254 is more determining than the temperature the lower layer may have.
255 Table 5 
261
The texture of the mixtures becomes again a fundamental parameter, resisting the mixture 262 AC16 a number of cycles clearly below than AC22 mixture, although the performance of the 263 mixtures is analogous concerning the type of polymer used.
264
In this case, the results did not adjust to a normal distribution. With regard to the AC22 265 mixture, the U of Mann-Whitney test showed that there are not significant differences 266 between the reference mixtures and those modified with PS and ELT, while the adherence 267 reduces significantly in the case of mixtures with PE and PP. On the other hand, in the case of 268 AC16 mixtures, only the mixture modified with ELT has a similar performance than the 269 reference mixture, having the mixtures with PE, PP and PS a significantly lower resistance. 270
These differences in the performance of ELT regarding the other polymers might be due to its 271 rubbery state.
272
The significances for both mixtures are presented next on Table 6 .
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Analysis of the skid resistance and adherence between layers of Asphalt Concretes Modified by Dry Way with Polymeric Waste 
278
As in the static adherence case, it was verified that increasing the aggregate size in turn 279 increases the shear resistance. Table 7 collects the significances in relation to size. 
280
281
The vertical slip of the central specimen until failure was also analyzed, studying its oscillating 282 movement and the net slip that is produced in each cycle due to the fact that the movement 283 amplitude is not fully recovered.
284
The net vertical slip is shown in Figure 10 . In this figure, it is appreciated that the mixtures 285 modified with PE and PP have a more fragile performance than the rest. The rubber modified 286 mixture is the only one with a similar performance to that of the reference, even in the case 287 of AC16 it increases its resistance (where the texture has a lower influence due to the smaller 288 maximum aggregate size). 
P O S T -P
297
The curves show a first lineal phase in which energy is proportional to the number of cycles.
298
After this first phase the central specimen may slip suddenly, as in the case of the crystalline 299 polymers (PE and PP), or rather the resistance starts to reduce in front of shear tending the curve to reduce its slope until the failure is produced. The mixtures that in this first lineal 301 phase have a higher slope, are which achieve greater α values, and therefore, those which 302 require higher energy until slip of the central specimen. This is coherent with the fact that a 303 higher slope implies a more flexible performance.
304
In relation to the polymer used the parameter α shows great differences. 
